A simple treatment is presented to analyze the modulational instability of two-component Bose-Einstein condensates, described within the Gross-Pitaevskii approximation, in a quasi-one-dimensional geometry. An explicit expression for the growth rate of a purely growing modulational instability is presented and analyzed analytically.
I. INTRODUCTION
Ever since the discovery of Bose-Einstein condensation in a remarkable series of experiments on vapors of Rb ͓1͔ and Na ͓2͔ using magneto-optical traps, there is a resurgence of interest on this new exciting state of matter, being dubbed as the fifth state of matter. This is mainly due to the fact that the study of Bose-Einstein condensates ͑BECs͒ extends our knowledge in various branches of physics, such as in nonlinear optics, statistical physics, thermodynamics, atomic collision theory, quantum properties of mesoscopic systems, etc. ͓3,4͔.
Furthermore, it has been established that the stability issues of the single-component BECs can be solely determined by the sign of the atom-atom interactions. As a rule, repulsive interactions between the atoms of the BECs maintain stable condensates, whereas attractive interactions may lead to implosion of the BEC when the number of atoms involved exceeds a critical number. However, in the case of a twodimensional BEC ͑TBEC͒, it has been shown ͓5͔ numerically that the sign of the interactions alone does not determine the stability of the system. By now, it has been well established that the dynamics of the BEC wave function is described by the Gross-Pitaevskii ͑GP͒ equation, a variant of the well-known nonlinear Schrödinger equation ͑NLSE͒ ͑without the trapping potential͒. In the context of the NLSE ͓6͔ the most standard mechanism by which bright solitons and solitary-wave structures are generated is through the activation of modulational instability ͑MI͒ of plane waves. In this case, the continuouswave solution of the NLSE becomes unstable toward the generation of a train of bright solitons. Under certain conditions generation of a chain of bright solitons in the case of the GP equation has been shown in Ref. Cs. Nonetheless, BECs involving two hyperfine states or two isotopes of the same element have also been studied exhaustively. For example, a TBEC has been observed experimentally ͓12͔ where the two hyperfine levels of the 87 Rb act as the two components. In this case, a fortuitous coincidence in the triplet and singlet scattering lengths led to the suppression of exoergic spin-exchange collisions, which leads to heating and resultant loss of atoms. A number of interesting features, like the preservation of the total density profile and coherence for a characteristically long time in the face of phase-diffusing couplings to the environment and complex relative motions, point to the extremely interesting dynamics of the TBEC. The effects of spatial inhomogeneity, three-dimensional geometry, and dissipation were examined, in light of the dark-bright solitons in repulsively interacting TBECs in Cs ͓16͔, which has been investigated experimentally without reaching the BEC phase.
Recently, Timmermans has discussed the instability of two colliding BECs in Ref. ͓17͔. Motivated by this work, we give a simple treatment of the MI of the two-species condensate mixture, for a purely growing mode. The dynamics of the TBEC is governed by a pair of GP equations. The latter are used to derive the dispersion relation that is appropriate for investigating MI of the constant-amplitude two species of the TBEC. An explicit expression for the growth rate of the instability is presented and analyzed analytically. It is observed that the MI growth rate is stronger when the two species of the TBEC simultaneously drive quasistationary density perturbations.
This work is organized as follows. In Sec. II, the coupled equations describing the MI of the trapped quasi-one- 
